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u t  ii I y , the m a j o r  o per at i o n . t 1 1 O ~~~~ ures of Ii . mo (ci - ,

t he mission—related accom:)lishments tIr~t can be credited to

their ap~~lication up through t t i e  1973—1h7 I contr..t ct v a r  have

been ~L ’t a i1ed  in p r ev ious  Annua l  P r o g res s  Re p o r t s , or in rub-

lished reporte , and will not be dealt with he re . This Report
will be limited to studies pursued since April 30, 197 4.

GENERA L SUMMARY

I. THE SEARCH FOR 1MPRO\bI) BLOOD SCHIZONTICIDES

There ha s been a marked decrease in the use of the
P. falciparurn / P. vivax - owl monkey models during the p ar t

c o n t r a c t  year , c o n t i n u i n g  a t r end  which  had its beginnings
in  197 2 . This change r e st e d  in p a r t  on the pos i t i ve  accom-

vlishments of preceding years, iuring which at least  eight

new agen t s  were uncovered , any one of which promised to sat-
isfy the original goal of the Malaria Chemotherapy Program,

development of a drug fully ef fect ive against infections
with multidrug-resistant strains of P. falciparum and equally
active against infections with P. vivax*. The downward trend
in use of these models also reflected the decreased produc—

tivity of tise’ primary rodent screen (infections with P. berghei
in the mouse) which in recent years has uncovered relatively

few active agents with novel structures or congeners of older

corv ounci s endowed with greater activity and tolerability than

derivatives already evaluated , Finally , the trend to reduced

use of owl monkey - human plasmodium models was an enforced

conservation measure imposed by restrictions on exports of

t h e s e  pr i m a tes  f rom Colombia.

*
These a g e n t s  i n c l u d e d :  the p h e n a n t h r e n e r n e t h a n o l s,

W R — 3 3 , Qt - 3 . W R — l P P , 4 5 5 , and W R — 1 7 l , t t I O ;  the ciuinolinemethanolr ,
WR—30 , 090 , W R — l l P , 490 , an d  W E — H I - I , 80 6 ;  lie’ py r i  d i nem etb a n o l ,
WR— 1A0 , -100; and th e 2, 1— 1UTLr i . f l O — o  — sul fur subst I tu t ci quinazo—
u n  ~ , W R — l 5 b , 122 .

SO1I TM F F ~~ RI ‘- ~J ’CH IN~~T I T I i T F
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Al though  only  f o u r  new compounds were pr cs s .’nte’i for

e v a l u a t i o n  aga ins t  i n f e c t i o n s  w i t h  P . fa lc i p a r ur n  .~ n - i  P .

in the owl monkey, there  was a si z e ah ie  use  of these  models .

Both were  employed s y s t e m a t i c a l l y  to r e o v i d e  s u p p o r t i n g  d a ta

fo r  I nves t iga t ive  New Drug ( I N D )  ap p l i cat i o n s , and to 1-i rip

solve dosage regimen and formulation problems pertinent to

most  e f f e c t i ve  a d m i n i s t r a t i o n  of new compounds to man .

Of the four new agents evaluated against P. f a l cipa ru rn

i n f e c t i o n s, one , WR-177, 602 , was the threo-epimer of WR—142, 490
(mef loqu ine) , themost active of the 4-quinolinemethanols stud-

ied to date. This evaluation, carried out in monkeys infected

with the multidrug-resistant Smith strain , showed that WR—l77, 602

was essentially identical to WR-l42, 490 in activity and toler- I
a b i l i t y. In viewof the advanced status of the clinical appli-

cation of the latter compound , WR-177,602 could be considered

as a competitor only if  i t  promised to ho significantly less
expensive to prepare or better tolerated .

The second of the compounds examined was the
4-pyridinemethanol, WR—l82, 231 , an analog of WR-l80, 409 .
WR-182, 231 differed from the latter agent with respect to

side chain configuration, bearing a di-N-butylaminoethy l sub-

stLtuent on the 4—carbinol in place of a 2—p iperidy l group.

This change in structure affected activity adversel y,

WR-182, 231 exhibiting only one-fourth the activity of
WR- 180 , 4 09 against  infections with the Smith strain. - ‘

The remaining two new agents were the benzoxa~’,ine ,

WR—204, 165 , and its open—ring relative (a substituted phenol),

WR—194, 965 . These compounds had essentially identical activ-

i t y  aga ins t  i n f e c t i o n s  w i t h  the Smi th  s t r a i n  of P . fa l c i p a r um .

Compared dose—for-dose, their capaeit .i. er to cure such infec-

tions were essentially identical with that of WE—l IP , 490 , the
1 — q uin o l i n e met h a n ol  r e f e r r e d  to above . Unless there are tox-

icoloji c c o n tr ai n~l i c rt i on . t , not  e x h i b i te d  in t h e owl monk ’- . - ,

W R — l 9 4 , ~h 5  or W R — 2 0 - l , 115  m e r i t s  c o n s ide r a t i o n  for  study in

h u man  v o l u n te er s .
SC I T H I  IN  R E S ’ A F C H  I N S T I T L I T F
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i-c ur sp’ .’ial in vest iL;~~I t  ion s, each t . i i r l y o:-d ens l . v - ,

were pursued w i t h  C )tUf l fllfl I s - - x ~~: n i i i - - i  in  eai - l ie r  ye ar s . on . - of

these’ s t ud ie s  was aim ’ I i t  I t  ermining whether the t : b ’ r i r , -u t  ic
ac t i v i ty  of W E — i S O , 122 , a ~, - I — d i a m i n o — t — s u l f u r  s Ub s t 1 t u t~~d

q uin a z o l in e , co u l  be enhanced by concomitant  a d m i n i s t ra t i o n
wi th WR-lKO , 872 , a Iihvdroquinazoline . Marked synergism had

be n observe I in m i c e ’  i n f e c t e d  with a pyrimethamine—resistant

strain of P. berghci. The results of the s t u d i e s  pursued in

monkey s infected with the pyrimethamine—resistant Palo Alto

strain of P. vivax showed that concomitant delivery of

WE-iSO, 072 added nothing to the activityof WR-l58, 122. This

negative result contrasted sharp lywith the eight to sixteen-

fold enhancement achieved by administering very small doses

of sulfadiazine (5. 0 mg per kg body wei ght ) in comb inat ion

with  the above quinazol ine.

The second of the special s tudies deal t  wi th  proce-
dures for enhancing the therapeutic efficiency of the linconiycin

d e r i v a t i v e, WR—203, 661 (fo rmer ly  designated tJ—24, 729A). Earlier

investigations showed that this compound was highly e f f e ctive
in curing experimental infections with either chioroquine-sus—

ceptible or chioroquine-resistant strains of P. falciparurn and

that its activity was not compromised by pyrimetl-i amine resis-
tance. It was also markedly superior in activity to clinda—

niyc in. [-lowever, like the various tetracyclines, WR—203, tol

effects clearance of parasitemia slowly. In an effort to

eliminate this deficiency, a study was undertaken of the im-

pacts of loading doses on the rate of clearance of parasitemia

in monkeys infected with the Vietnam Smith strain. The results

showed that this approach was not beneficial; in fact , at the

same tot a l dose , seven f r a c t i o n a l  da i ly doses of W R — 2 0 3 , i i i

effected parasite clearance more rapidly and consisten t ly than

a loading lose equivalent to half of the seven—day total on Day 1

f o l l o wed by equal fractions of the remainder of the t o t  eu dose

on Days P th’~~uqh 7.

‘-. 1  ‘(l I E N  R J ’ - ,t A l l  II ‘0.! ‘ - T I



The thi r i ;pec i ul study vri s cC)nce tai l —.-.‘ i t t P-
comparative activities of two dosa ;e larmu lat t o n ~-; L If  the

qu in ol i nem e t h a n o l, W I~-’ 10 , 090 . This compou rt I , orioin Ily

PrI tla red as the h y d r o c hlo r id e  sa l t , I xhi ( i L I  su ffici (;fl t aC ’

t iv i t y  in human v o l u nt eer s  i n f e c ted  w i t h  c t i l o r u qu ~~n - — r e s i s t  t f l t

strains of P. f a l c i p a r u m  to w a r ran t  a small sea l’  t r i a l  in
\‘ietnam in military personnel infected with mu l t i ir u g - r e s i s —
tan t  s t r a i n s. Ov erall , WR—3 0, 090 war r -m a r k r b l y  e f fe c t i v e
in this evaluat ion. I iowcver , th e r e ’  were some p a t n t  - to —

patient irregularities in rate of resnonre w h i c h  were a t t r i —
buted to poor absorption resulting from limited water solu-

b ili t y .  These i r r e g u l a r i t i e s  were r e l iev e d  in art, but  no t

completely, by increasing the dose. In an e f f o r t  to o b t a i n

a more u n i f o r m  re la t ion  between dose and resp onse , s y s t ema t i c
attempts were made to improve solubility and ab s o r vt  ion f rom
the gas t ro in t e s t ina l  t rac t. A m a j o r  accomp l i shmen t ii: this

direction was made by investigators ac INTEEx Research Corvo-

ration , who found that WR—30 , 090 base was soluble U ! . - to 20

per cent in oleic acid , and that when such solutions were

administered orally to the beagle dog, the c o n c e n t r a t i o n s  of
WR—3 0, 090 in the plasma were eightfold greater than those

attained when comparable doses of the hydrochloride’ salt were’

delivered. As an essential preliminary to clini cal use of

W R — 3 0 , 090 dissolved in oleic acid , t h e r a p e u t i c  e f f i c i e n c i e s
of this preparation and that of WR-30, 090 hydrochloride wer ’

compared in owl monkeys i n f e c t e d  wi th  the Smi th  s tr a i n  of
P . f a l c iparum. The resul t s  showed t h a t  the hydroch lor ide
s a lt  was at least  twice and perhaps  f o u r  times as active’ as

the oleic acid s o l u t i o n.

This unexpected r e s u l t , the  o p p o s i te  of t h a t a n t  ic-

ipat i. led  to a c o l l a b o rat i ve  s tud y with the INTERN : Resea rch

~erporation with the objective of measuring Liv’ l evele of

w!- —3 .., 090 ach ieve’  I in p l asm a  w h o  olei c acid solutions of

the base a n d  aqueous s l u r r i es  of t ic’ hydroch lor ide  s i l t  v o t e

SOL .IT HFPN rfl ‘0 A) ’  H I N ~~T I T I I T F
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a d m i n i s t e r e d  to normal  u n i n fe ’c t e d  owl monkeys -.111 1 rhesus monkey s,

As planned ori g ina l ly ,  ten owl monkeys and i j ht  rh e s u s  m on eey !--

were committed to a crossover study in which each or up ar at i o n

was to be administered in a single dose of 20. 0 mg base per kg

body weight , via stomach tube, to half of the members of each

monkey group on Day 1, with reversal of the delivery order on

Day 14 or 21, Blood samples were to be drawn prior to drug

delivery and 2, 4, and 6 hours thereafter, packed in wet ice,

and shipped promptly to INTERN Research Corporation for anal-

ysis of WR-30, 090 content. The treatment phase of the first

arm of this experiment was completed without inciden t, bu t no
more than a trace of the quinolinemethanol could be found in

any blood sample. For this reason, the second arm of the

crossover experiment was not undertaken. No easy explanation

for this remarkable negative finding has been forthcoming.

Studies pursued preliminary to this experiment showed that

WR-30, 090 added to normal owl monkey and rhesus monkey blood

or plasma could be recovered with reasonable precision. The

preparations employed in this absorption study were the same

as those used in the therapeutic evaluations. The monkeys

ble d in the above experiment we re the monkey s who ha d r ecei ved
the drug. It is conceivable , although not likely, that the

drug deteriorated in transit, or that following absorption

WR-30, 090 was converted to a metabolite which could not be

extracted and/or measured by the analytical procedure, or that

there was gross analytical error. In any case, the absorption

study fa i led to provide an exp lanation for the difference in

therapeutic performance of WR—30, 090 hyd roch lo r ide  suspended

in water and WR—30, 090 base dissolved in oleic acid .

The fourth special study dealt with the blood

schizonticida l activities of primaquine and WE—lB 1, 023 (4-

me thy l primaquine) as exhibited in owl monkeys infected with

the Vietnam Palo Alto st- rain of P. vivax. Primaquinc’ has an

established position as a radical curative drug. Wi~-lEl l, 023

R I C  T ’ (  I - ’, ‘ ( S I  ‘ IC (-I ‘0’-~~ T I : ’ )
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h i s  not yet b ’ n  ‘valu t ‘I t a r ( ‘ L i i  i t  I VU p r L ) } ) - ) t i e’s I l l  h a l t , I : L i t

on a ilos i’jc’ comparison , is !;upe’i- i o u  a I r i m a q u i n c  in  r h I ’sus  h I  f l —

k ey s  infect ‘.1 w i t h  r O Y a L ) i t  a t  0 t . ~~~flomo la,f . \~ h ‘ i i  ‘ tn t  l a ’  i

for radical cure, both i ptnls ~~t & .’ d c l i v  r, ’:I w ith chioroqu In-s

in order to eliminate bo th  e r v t i i i ’o - v t i c  u i d  ‘to ‘ t v t  I i  o t ’v~ ic

orms of  th e is.’ l e v i n  t paras i  Lcs  Si n c e  it , n ,” th — eu mi noqu 1 flO 1~ I 0

have activity a g a i n s t  both blood and Li 550 5(’I) i / Of l t  . ,  t hei

is a poss ib i l i ty  t h a t  some compounds mi ght  P so well — e l i  low ’ I

in both areas as to make concomi t an t  d l  iv .’ry a ch (0 1 0 1  iii n

b r  o t h e r  blood s c h i z o nt i c i  C l e )  unnecessary. The curs nt stu- Iv ,

a i  m ’ lI  at  d e t e r m i n i n g  w h e t h e r  W E — i t - i l , 023  would be’ l i k e l y to m - 1.

S r equ ir emen t , showed th ati  t h i s  compound wan ap t  i ox i ma t elv

t w i c e  as ac t ive  as p r imaqu inc  ,t’jainst infections with t iot ’ha—

so ite ’s  of  the Vie tnam P a l o  A l t o  s t r a i n  of P . ~‘ivax . S i n c e  the
(lO St ’ of  W R — l 8 l , 023 requl red to cure  such l f li S C L 1 Of l S  was at-arox-

~mat e ly  ten t i m e s  that  requi red for r,eli cal cure of sporozoit c—

i n Iuced in feet ions , and since such a dose nii ght evoke Lox c

tract i o n s , it would be’ u n w i s e’  to co n s ide r  t h i s  8 —a m i n oqu in e l l i e

as a can .  1 hate’ for :i mono—drug reg imen .

One of the major uses  of the human p l a s m o l i  a — ow]

monkey models  du r ing  the c u r r e nt  cont i -a c t  y e ar  has h ’’n t o

p r o vi d e ’  d a L i  required for  EDA c ] e I r a n c e  of t h e ’  clinic a l e l I —

u r a t i o n s  of W R — l 8 4 , 506 , a ~‘romi s i ng  •l—quino iinemeth-ianol ~u i i i

competitor of WR —1l 2, 190, and W E—I SO , -109 , an equall y p.romi si no

‘I —pyridinemethanol. Stu ii es inst len tal to ci c-i im c ’ of t h e s e

compounds ha ve dea l t  not only with proo f that t h e  - ic t i vi t i , ’ ;

o C the  p r e p a r i  tion of dru g m t  ~‘n~1s i  L o t  ci m ica I use and the

o i’ i g m a  I lot. were t he ;;, Irn e, bu t wi  thu t h e  m l  lu ‘flees; of P,

. I : . sl j e req imen an d r o u t e  of  C I I ’ l l \ ’ , ’ i V  00 , i c l iv i  ty. The a t  u d —
I - s  on WE—l Ot ), -109 are s t i l l ,  in 1150 ,11 ens in I w ill be nuni.im.i r i - ed

l~~t I ’r , Studies on W E — i S - I , 00 w e re  c amp ] ‘t -i aol summli i s ’ ,] i n
in terim k ’ a o u t  ci j ) ’e ’ u n h n ’ u ’  0, l ’ ~~-t . The conclu ;-ion s O

torth in thi s Report t e l low:

. j, S ’ T I f l l. ’\ 1 - 1 , 1 4 1 ,’ ,  ‘— III ‘ I 
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“ 1 . ~~~~~~~~~~ ~s In i i n i st e s ’ - I o s . ii l y ,  W E — i S - I , 501 - A l l  t egu—
lan —i cured in~~e c ti on s  w i t h  t h e  v t - ’ious strains eL
the f o l l o w i n g  t o t a l  1055;-; (base equivai nt ) O - t k
Knoll — 35 . 0 mcj/kq body w- ’i qi : t Smith — 7 0 0  b b ) : J ~~~”5 j

body w e i gh t ;  Pa lo  Al to  — 17 . 5 m;/hq be ‘: ‘ e - ’ ~~gh t .

“2 . At uniformly curative’ l , e v l ’ l s  ~ca C D 9 O ) ,  sin ;le
dose , three  consecut ive  d .dlv los , in- i s - s n  ( - o n —
secutive daily dose 5 1 3  l i n e n ; ;  of wE—l B i , ROt v’e r ’
e s s e n t i a l l y  equa l ly  e f f e c t i ve , ‘fte-i ‘ , ‘ —.-. , i - s a
t ion , however , t h a t  t h e  t ime requ i red or a ar a s i  t -e
c learance was shor ter  w i t h  s i n g l e  -loses  t h an  wh en
the same t o t a l  dose was delivered in e cu al  I i’ n ’t iOn s
on seven consecutive days .

“3 . When administered i n t rav e n o u s l y ,  W E - i S - I , 80t-
r egu la r ly  cured i n f e c t i o n s  w i t h  the v ar i o u s  s t ra i n s
at the fo l lowing  t o t a l  - l o s e s  (base  e q u i v a le n t ) :
Oak Knoll  - 2 Q , 0 mg/k g b o- (v  weight S m i t h  — en 30 . 0
mg/k g body wei ght; Palo Alto - ~‘l0 . 0~~ 10. 0  mg/kg
body weight.

“ -I . On a dose—for-dose comp ar ison , WE-lB-i , 80t -A h1
appeared to be slightly more effective when admin-
istered intravenously than when lelivered orally.

“ Comparison of the above results wi t h  t:hos;e obtained
in e a r l i e r  p i lot  s tud ies  i n d i c a t e s  tha t  the phosph a t e
salt of WR—184, 806 is at least as effective as the ty-Iro-
chloride salt (WR—184 , 801I —AA , BN: BB—52 , 137) and possibly
slightly superior.

“Comparison of the data acquired in the current
study with those of even more extensive studies on
WR—l42 , 490 [~—(2—piperidyl)— 2, 8—bis—(trif1uo rometh y1)—
1-quinolinemethanol , hydrochiori 

~ 
indicates that the

activities of WR—l81,806—AH are only sli ght ly interior
to those attained with WR-142,490, the most effective
of the quinolinemethanols evaluated to date and current l y
under study in human volunteers.

i ll I ? T . ( ‘ )  ‘~~ 
A j~ ~
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DRUGS (‘[‘ISSUE SCl11v , ) N l l c ’ ll ) l- ~ ;) A’d) 151)5 E - C 1 ” h  S

P r i m , -ici u i n  iS til e On l\-’ p 1’opilv 1 - ~~‘t  i e in :  I i - i  I i  c l i ,

t ’ U i , i t  i v -  drug - benI ,’l ,i l l v av ai lahl ’~~, Al t~ 5,1 0 t h t h l t ~ c, s , , t ’ ’i Iv oh

this ; compoun.i t o  p r e ve n t  ,ut l c u r ’ u o ; q l i i t o —  ~n R o t  i n l et  1 0115

w i t h  I . v i  v ax  cannot  lee qu e s ;t i on & ’ l , i I lu ’ hla\ - ‘ ‘ ‘ i  1 a ai  l im-

i t  it i on s . To or e \ ’en t  ,i ct  ly e ’  i f t  ectitlil s, it must Is’ , L d f l l m f l i S —

t -te l (preferabl y with a b lood SC -l i i ‘o n t  i cide) both luring t he’

o ’r io i of e x p osu r e  to m u  ‘ ‘e t c h  lhlo ;q u i  t o ’ ; ;  m l  for two oi more

month s thl l ’r,’ar t e r . To cure est~ihli shi& ’l m l  e c t i on ;; , i t  must
h e  ad m in  i a te i - ed f o r  f o u r t een  con’; c u t  i v , ’ d ivs . The; - ; e’ I ’tI  “n I ’ ll

i - ’a tment  r e q uir e m e n t; ;  ar e  di li eu I t t.o enl  05Cc or m o n i t . oi .

In a dd i t i o n , tile loses of  p r imaqu  in i e q u i r l ’( I  f o r  () i , ’\’ , ’f lt lO f l

~in I cu re  ar e  close to  t ile max imum to U’ sated level , patti cu—

I a u ]  v fo r  i ndi vmdual s wi Lii  S i’  PD Ie’fic encies , l a s t  lv , t h e r e ’

n Ip e a r  t C) be s t  i a  I f l ;  of I’. vi~ ’ax w f i  ch pro ,Iu ce in f ec tion s

wh i ch c a n n o t  lee cui- e ]  r e ’qu i a t  iv Isv t he  c c n ven t  iona l  l o s , i j ’

r e q im e n , 15 . 0 mg L i i  i y t o t  I o ’i r t  eel) ~-oii n ’ ’~u t i v e  clay s.

T i e  se 1 itii i t a t  i o i l ; ; , 1 1 i ouqh t  i n t o  c 1 e a r  locus ;  d u r i ng

m i  1 i t  a i - ’ opei ’ a t ions in Son theast ,\si 1 , l ed I o e xp a n s i o n  of

t h e  mi 5;; i on of t~ ho U. S. A rmy Na lan 1 Chiemo t.hic i ’apv I 1roqrain t.o

i n c  1U le , l e v ( ’ ‘I opment  of new pl-opilv I a c t  i c  iti l r a l  i cal cia r,i t .i ‘5:

dru ji; more ’  elt set i vc’ lul l h ” t t r ’U I o le r .tt ‘II t han primaquine cri b

capable  of induc i ng cure:- ; whet-i tl , ’l I ~‘ ‘ t e I  in  a i rig i I ’ , or at  most

thr e e  doses. Initial ly, u t was ( t o p - I  t b l a t  L i i i  s mi s s  i ~Ifl coul 1

b- ’ se r v e l by studies in owl  monkey; inf e ct c l  w i t h  h; sIre;’oI ta’s

of P . v i v ~ix , l J n f o r t u n , i t  ‘ i v , s;ue l’i I l l  t ct  j I l l ; ;  cOt ,! I I  ilo t I ) ’

~l evelopt ’ h  to ti-ic n t  it  us  et  a l e l l , ì l l ,le mode] . A ccoi  , l i n ’ i l v ,

*Qu in,  e u - ‘, , i  i i  i 011 1:  ‘ 1  0 I I’ r I isa ~t,i I l l S , 1 a \ ‘  i i  I i i i  a - in I em—
p 1 ove I j n I h’ 1155 R an-  I :1, i t  e I ii t e I ’ O I I I l  F I eS ( ‘ i - i t  I c ,t 1 ‘N h  ‘ ‘ i - i —

menta l and c l i n i c - i l ,  s t u l i , ’i-; i n l i c i t e  t h a t  i t  i n  i f l I e l l o r  10
p ~- j  - ‘ i , o~~t l i  fle i n  ac t  I Si t

- - —
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at I en t i o n  was  red t reefS t ~~ t ; ‘  - U - ‘:‘le :-e -- Anopho les  1r ~~e’b’j rrn

rhesus  monkey model , wh ich  il 1 100 (1 ~~; -oret ic-th y less lesiral lc

than one leased on P. v i  - :-: . has  a w e l l —e s t a b l i s h e d  r ecord for

s ~l ect i n~; (r ug s  ti; i 1, cur i s  I a m b i n f e c t)  ~ns  w it h  tti isi  as  a s i te
and oredi ct  i ‘is the i i  r e le i  so 15 .51 t s.

The re we ’r e  f i v e  m a j o r  facets ~~ the sea rches  I o n
improved c u r a t i v e  d r ug ; ; i t r ; -;uod luring the 1974— 107 3 c o n t r a c t
sea r . Thes e inc luded :  ( 1)  a llo t  asses ;- ; T 1 ef l t s  of t];e cur - I ive

a c ti  ‘‘i tics of recent ly s ’ s n t he sizc ’ i C ’orn ;e u n - I s ;  (1) side — Lv —

side - e v a l ua t i o n  of the  a c t i v i t ie s  of ar im a q u i n e  ( a  racem— it-

and i t s  D and L components; (3) e:~:eancleJ  compar i sons  of t i ; :

c u r a t i v e  Pr o p e r t i e s  of p r i m  q u i n  in I W R — 1 8 l , 023 (‘i — m et h y l
pn i m a q u i n e)  ; ( 4 )  d e l i n e a t i o n  0 1 the o f f - ct  iveness  of s ing l e

and t h r e e — d o s e  reg imens  of 551111 0 ( u i f le  and WR—l 5l , 023 ; a n ]

( 5 )  at t emp t ed enhancement  of the c u ra t i v e  a c t i v i ty  of p r i m a —

q u i nc  by concomi tan t  de l i very  of a companion d rug  o t h e r  t h a n

ch io n oqu in e . In add i t ion, a sy s t e m a t i c  studs  was unclert ek en

of  the  i n f l uen c e  of the s i z e  of the sporozoi te  inoculum on
the  “ c u r a t i ve ”  a c t i v i t y  of ch ioroquine .  Combined , t i l e ’s :
activities entailed work with slightly more ti-ian -100 rhesus

mo n5 y s,

S e v e n t y — f i v e  age n t s  wer e  accorded p i l o t  as;sessment ; ;

for  c u rat i v e  ac t iv i ty .  Included in t h i s  t o t a l  were  s i x  7 —

aminoqumnolines , five i —aminoquinolines , three naphthyri-iln :

and  ten compounds of m i s c e l l a n e o u s  s t r u c t u r e. None of  ti-ic

l a t t e r  group exhibited curative activity at th5  l ar g e s t  1 0 -

-,lelive’red. One of the 7 — a m i n oqu in o l m n e s  h ad  qu e ; ;t  i o n- i Sl e  c c - -

tivity at  a — l o s e  o f  10. 0 mg per kg . Non e  c i the nap h thyri tin b ’;-

and S —aminoquinolin1’s ~‘x h i L i  I a l  c u r a t i v e  t e t  ivi t i e s  at t h e

max imum t - - st  lose l e v e l ; ; ,

‘~~‘l 1HL ‘, I I  ‘ - I  ~~ ‘)b lb ‘ - T I i l I ’tI
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The r e m a i n i n g  51 coni} oU n  ~ submi t t ed  fo r  p i l o t

eva lua t i ons  were 8 —a m in o qu in o l in e s , ‘[‘va lve of t ] i e s ’- ’ - b l e n t  s

w e r e  a t  least as acta ye’ as ~ r i ma qu i  ne . N i n e  of t h i s  group
were as active as WR—l Bl , 02 3 , the most effective of I I I -

aminoquinohincs evaluated prior to the beginning of t ( ; l S con-

tract year. Four of the nine appl - a red  to U twice’ as active

as W R — l 8 1 , 02 3 ;  l i k e  the l a t t e r  d e r i v a t i ve , t h ey  had m et h y l

s u b s tit u te nt s  in pos i t ion  -I , Three of the f o u r  - d i f f e r e d  f rom
WR—l8l, 0~ 3 in side cha in  c o n f i g u rat i o n , w i t h  b r a n c h i n g  at t i
d i s t a l  end of the a lky l bridge r a t h e r  t han  at the p rox ima l
(1) position.

Consider ing the numbers of years  o f work on the  8-

aminoquino l ines  required to develop p r i m a q u i n e , i- ,loi -i t i f i cat i o n

in one calendar year of twelve s t r u c t u r a l l y  related agen t s  of
equal or g rea te r  ac t iv i ty  is a cons I derable  achie’:e’ment Ti-ic
toxicity or tolerability of these agents will deterniinc their

real utility. Hopefully, one or more ~-.‘i1l be a t  leas t  as w e l l

t o l e r a ted  as pr imaquine  and thereby a sig n i f i c a n t  improvemen t
over this currently available drug in terms of therapeutic

index.

The secon d facet of ti -ic search for  c u r a t i v e  drugs

dealt with the activities of WE—ill, 531 and WR— ill , 537, the

D and L isomersof primaquine. Speciahinterest was attached

to this evaluation because s tudies  on the acute toxicity of
those agents for the mouse indicated tha t  tiie L isomer was
onl y one—fourth as toxic as tb-ic D. If these isomers had

equal curative activity, and if  tb -ic d i ff e r e n c e  in mouse tox-
icity carried over to man , ti-ic L isomer would have  a d i s t i n c t
a lva nt  age over  the racemate. The r e su l t s  of a s idc—by - S i ie
evaluation showed that primaquinc and its isomers had essen-

t i n i l y  identical capacities to cure sporozoite—induce’~1 infe’e-—

l i o n s  w i t h  P . cynomolg i. This  f a v o r a b l e  resu l t  led  to a
a re l i m i n a r y  e v a l u a t i o n  oIl the s u b a c ut e  I oxicities of the three’

- l - 1 ’ nt s  for the rhesus monkey. Tue results of this cemp~i r i ; - o n

b r ’  set  f o r t h  in a subsequent  sect ion of  tb -i i s Sumni,i r-y .
I N  I l l  “ I -~I I ’ N - - b - r I ; ,

_ _ _ _  - -~ —---—-
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The t h i rd  m a j o r  f ac et  of  t h e  search b r  i n t r o ’s -  I

‘ i t r i t i v e  d rugs was con c~ -rn e~l wit Ii a — l e t  a i led compari  ; : o n o t  I ) ,

prophylactic and radical cur:itiv - act, i v i t i e s  of  p r i l cae ;i  I i i  -

an d i t s  4 — m e t h y l derivative , WR— 1Ri , 02 3 . S tud ies  p u r a ; i i e d

du r ing  tb -ic p revious  c o n t r a c t  y e a r  i n - I i c ’t t e d  t h a t  the  l e t  I or
compound was two to four  t imes as effective as prini euint ’ in

curing infections with ~~~~. ~~~~~~~~~~~ Studies ;-ur;;U - I in tIio

early 1950’s shortly after the initial syritiiesisof WR—18l , 0f3

(then designated CN-llOl) indicated that this compound had ap-

proximately half the subacute toxicity of primaquine for th e

rhesus monkey. Together, these assessments suggested tb’i t

WR-181, 023 would have at least a fourfold advantage over pri—

maquine. This promise of superiority called for a deta -iled

and precise comparison of th~ prophylactic an:] radical cura-

tive properties of these closely related compounds , SIcR’-1 y-

side appraisals showed tha t  the doses of WR-18l, 023 required
to prevent  i n f e c t i o n s  wi th sporozo i t es , or to cure e s t a b l i s h ed

sporozoite-indueed infections, fell between one-half and one-

third the doses of primaquine required for the same result.

This demonstration led to the decision to prepare a batch lot

of c~iR—l8l, 023 for ultimate evaluation in human volunteers.

This lot has been produced and is currently being subjected

to the lower animal toxicity and therapeutic activity exami-

nations required by FDA prior to investigating a new drug in

human volunteers .

The fourth facet of the search for improved curative’

drugs was concerned with the efficacy of short term treatment

regimens of WR-l8l, 023. Development of such regimens has been

of increasing interest in the Malaria Chemotherapy Program. A

single dose or even a ti-nec daily dose curative regimen would

have considerable advantage over the standard fourto ’cn-consec-

Ut ive-day or once-a—week—for-fourteen-week s schedule  a . Ti-ic

merits of a seven-day regimen were d e f i n e d  in e x p e r i m e n t a l

studies carried out earlier in this Project and clinical s t u l i c ’ s

SC’ I H I  I N ~ I ‘‘ I  A HI H I ” . ‘_ ‘ -
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pursued by Clyde at the UniversityofMaryland . These inve-sti-

Ljation s demonstrated that the curative activity of animaquJos

was a function of the total dose delivered , specifically that

w i t h i n  this dose stricture , seven-day and fourteen—day treat-

ment schedules were equally effective. Because of concerns

with acute toxic reactions, it was deemhd  unwise  to e v a l u a t e

the e f f i c a c i es  of s ingle  dose and t h r e e — d o s e  reg imens of prima-

quine in man . WR-l8l, 023 appeared to have sufficient thera-

peutic advantage over the latter 8-aminoquinoline to warrant

a test, of the “total dose principle ” . The results of this

evaluation showed clearly that at the same total dose,

WR-l81, 023 was equally effective in single dose, three daily

dose, and seven daily dose schedules. Extension of the total

dose concept to agents more active than WR-l8l, 023, which

have emerged from pilot assessments, is clearly indicated .

The fifth facet of the curative drug investigations
dealt with attempts to enhance the curative activity of prima-

quin e by a d m i n i s t r a t i o n  of a companion drug in addi t ion  to , or

even more de si rable, in place of chloroquin e. Such enhancement

could lead to use of a lower dose of pnimaquirie than that

usually prescribed , thereby reducing the numbers of mtoward

reactions ; or enhancement could make conventional doses more

effective against infections with those strains of P. vivax

which are now curable only when larger than ordinary doses

are employed. The initial focus in this investigation was on

WR-203, s6l (a 7-chlorolincomycin derivative , formerly desig-

nated U—2- [, 729A). Earlier studies had shown that this agent

had significant activity against both the primary and second-

ary tissue forms of P. cynomolg i, resulting in both prophylaxis J
and radical cure when maximum tolerated doses (-[0 , 0 mg per

daily) were emp loyed .

The initial studies were  carried out on e;-l tablishe l

r;ec r o z o i t e — i n du c e d  i n f e c t i o n s  p r ev io u s l y  t ie  S r i  with a van —

ety of 8-aminoquinolinc ~crivative’s vi t hou t  a ch i ev ing  cure .
S N  P F ’ _ I  A R C H  I N N T I r - r I
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S uch m b  - c t  ions w er e  cured  wl ; -0 o n e — f o u r t h  to one—h e  l f  of t
u sua l  c u r i t  i v o  dose of p r imaq u i n e  w~~s l n b i n I  s t e re  I vi I I on- —

si :~:teent h  of t h e  maximum t o l e ra te d  close of l c l — 2 0 3 , i i -  1 This

- - ncour ag inq  r es u l t  led to exoeriment :- ; vi t:h p r e v i o u s l y  u nt r e~~tc ;J

in : eetions. I n these  s tud i e s, ti -ic b e n e f i t s  of t r e a t m e n t  wi th
a c-em]: in t i on o f p r i m a q u i n e  and W R — 2 0 3 , i 1 w e r e  ev i l n t , bu t
were much-i less striking than those encountered in n et  re i t mc nt

cases . Con s i d e r a t i o n  of the causes of these diverse  responses

led to the suggestion t ha t  the superior activity in r- treat-

ment cases could very well be due to a relatively small tissue

ho r~ (en .
1

The suggestion set forth above was put to critical
test in an experimen t in which the curative activities of each

of two normally non-curative doses of primaquine , administered

in combination with one-sixteenth of the maximum tolerated

dose of  WR -2 03 , 66l , were evaluated in two group s of monkey s ,
one i n o c u l a te d  with l0~ sporozoites, the other with lO~ sporo-

zo i t es. The r e su l t s  of th i s  experiment  showed c lear ly  that

the pa ras i t e  burden was an important  d e t e r m i n a n t  of the
canacity of WR-203 , 661 to enhance the curative activity of

primaquinc . Cures were obtained in all eight infections

induced with - i  the smal le r  inoculum , as contras ted with one
of eight cures in infections induced by the larger inoculum .

The favorable results obtained with WR—203 , t6 l

encouraged studies of the’ capacities of a variety of agents

to enhance the curative activity of primaquine. The compounds

examined included WR-203, 659 (7-chiorolincomycin or clinda-

myc i n) , oxyt- -c. racyciine , pyrimothamine, erythromycin , nifampin ,

valinomycin , cordycepin . and cycloi1Cximide . WR—103 , 659 (a

close chemical relative of WR-~~03 , i~~ l)  e f fe c t ed  a s l i ght  en-
hancement  of the act :~ ’it y of primaquine when administered at

the maximum tolera t ed dose. None of the other egonts modified

the curative potenti -il of th is 8-aminoquinoline .

- 5  ‘ I I  ‘- I  ‘~~‘CH I N S T I T U T E  
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The -. 5 - m o;  . ‘ra eutic studies summ arized to t h i s  p o i n t

~‘ - b C-  all .‘onnernei with development of new curative ;rugs or

~n ;- r o ’ .’e 1  us-s  of p r i m a cu i  ne, One o ther  s tudy  of more g e n e ra l

impor t , an ou tgrowth  of the  e x per i m en t s  wi th wP-~~O3 ,  ‘ ( 1 , was

an ~~- r t ak en . Th is  i n v e s t ig a t i o n  de- -,l t  sn e cir i c al ly  wi th  tee-

i nf l u e n c e  of it-s t i s sue  st a ge  burden  on t h e  capac i ty  of chloro-

~u i ne  so cure  spo rozo i t e-c r ’~;luc- ct-J i n fe ct i o n s  wi th the B s t ra i n

of ° . cynomoig i. This issue had been l a - a lt  wi th in an exa ;tn-
s i v e  form w i t h  a va r i e ty  of ch emotherapeut ic  agen t s  in the
194r- -l948 per iod  when s p o r o z o i t e — i n d u c e d  i n f e c t i o n s  wi th  the
,M s t r a in  of P. cynomolg i were f i r s t  employed in  the search

for curative drugs. The current investigation involved work

w i t h  four  groups of three  to f i v e  monkeys , i nocu la t ed  w i t h  5,

5 x l0~~. 5 x lG~~, or 5 x 106 sporozoi tes . Two of f i v e  reci p-

ients of 5 sporozoites did not become infected . Chloroquine

was administered at a dose of 5.0 mg per k g bochy ’.” e i gt t . d a i l y
for five days, to each of the other subjects when natency was

f i rs t  established and upon each re lapse . I n fe c t i o n s  in the
recipients of 5 sporozoites were cured with a single drug

course. I n f e c t i o n s  in a l l  other sub jec t s  a re  s t i l l  r e laps ing

ten months after inoculation. Intervals between treatment and

relapse are distinctly longer in recipients of 5 x 102 spore-

zoites (25 to 40 days) than in recipients of 5 x io6 sporozoi tes

(7 to 12 days). These results indicate that the tissue stage

burden can be an important determinant of the apparen t cura-

tive capabilities of chloroquine and the frequency of relapse

f ollowi ng del ivery of th is  blood schizont icide. They suggest
that evaluations of curative activity are precarious in sub-

j e c t s  who have a low tissue burden either because of a small

spor ozoite inoculum or few remaining secondary t i ssue form s
because of exposure to near curat ive doses of the same or other
drug. These findings reinforce the long standing conviction

tha - where large inocula are routinely employed , as in the

pi lo t  and secondary assessments , the sole role of chloroquine

is c o n t a i n m e n t  of the erytbrocy t i c  phase of th e  m a l a r i a  i n f e c t i o n,

SOU T H ER N  IbI S b  A R C H  I N S T I T I I T E
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I I I . “P fCELLANEOUS PHA I S ’LH CHJuGI  C STUD I tS

A l t h o u gh  there has neve r  been a con t r ac tua l  commit-

ment  fo r  ph a r mac o lo g ic inves t iga t ions  in th is  P r o j e c t , s tudies

in th i s  area have been pursued when it appeared that local ex-
pertise and resources were uniquely suite-i to exploration of a

specific problem. During the period covered by this Report,

three isolated pharmacologic studies have been pursued. These

included: (1) comparison of the absorption of WR-30, 090 hydro-

chloride and WR-30, 090 base from the gastrointestinal tracts

of the owl monkey and rhesus monkey (already summarized in

Section I above) ; (2) investigation of the absorption of the

quinazoline WR—l58 , 122 from the gastrointestinal tracts of

the above monkeys; and (3) pilot evaluations of the toxicities

of WR—2ll, 532 , W R — Z l l , 533 , wR— 2 1l , 536 , and WR—Zll, 537 for the

rhesus monk ey.

The study of the absorption of WR-158, 122 by owl
and rhesus monkeys was aart of an investigation which included

wo rk on hum an volunt eer s~ aimed at acquiring in format ion whi ch
migh t help expla in  the d i f f e r e n c e s  in the activity of this
quinazoline in owl monkeys infected with P. falciparum or

H P. vivax and in rhesus monkeys infected with P. cynomolgi,

and suggest what might be anticipated when this agent is

used in man , The invest igation was a collaborat ive endeavor

in which the animal  phase was carried out in this  Pro jec t ,

the analy t ical phase in another Department  of the Army P ro j ec t

located at The Christ Hospital Institute for Medical Research,

College of Medicine, Univer sity of Cin cinn ati . In brief, the

resul ts showed that each of four  broadly spaced dos es gav e r ise
to p lasma levels of m icrobiologically act ive drug which were
tenfold greater in the owl monkey tb-ian in the rhesus monkey.

These differences roughly paralleled the activities of WR-l58, 112

exhibited in malarial infections in these primate hosts.

*
Perform ed by Dr. John Arnold under DADA Contract.
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The evaluations of the toxicities of WR-211, 532,

WR—211, 533 , WR—21l, 536 , and WR— 2l1 , 537 for the rhesus  monkey
were preliminary in scope, but satisfied the purposes for

which they were undertaken. The first two of these compounds

were among the more active 8—aminoquinolines accorded pilot

study, with curative doses comparable to that of primaquine.

The results of the toxicity study showed that WR-21l, 532

and WR-21l, 533 evoked toxic reactions very similar, if not

identical with those produced by p r imaquine. Quantitatively,

WR-2ll, 532 had the same order of toxicity as primaquine ;

WR-211, 533 was less than half as toxic. The latter agent

would obviou sly be the preferable candidate for study in

human volunteers  were ei ther to be considered.

WR-2ll, 536 and WR—Zll, 537 are respect ively the D
and L isomer s of primaquine. Previous stud ies had shown tha t

their radical curative activities were equal and identical

with that  of primaquine ( the DL m i x t u r e ) .  The results of the
toxicologic study showed that the toxicity of the D isomer

was equal to that of the racemate or slightly less; the L
isomer was twice as toxic. If these relationships carry—over

to the human subjec t, and if the D isomer can be obtained

readi ly ,  i t s  clinical use should be favored over that of

pr imaquin e.

The above Summary brings together in abbreviated

form the scope of the ac t iv i t ies  of the 1974—197 5 cont rac t
year  and the major  resul ts  of these ac t iv i t i e s. De ta i l ed
descriptions are to be found in the Sections that follow.

S l l S f ’ I P N  I I  - I  A R C H  I 5’ - . T I U IT E  

- -~~~~~- - ~~~~~~~~~~~~~~~~ --~~~~-—  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-.

~~
.--



I. STUDIES ON WR- 177 , 602 

-— ~~~~~~~~~ -- -- ~~~~~~~~~~~~~~~~~~~~~~~ - - -- - - ~~~~~~~~~~~~~~



_ _  - -~~~~~-. - —~~~~~~~~~~~~~~ 

-18-

I. STUDIES ON Wh—l77 , t - 02

wR-l77,60~ [e— (2-piperidyl)-2, 8-bi.- i- (tr ifluo romethyl)

4_quinolinemethanol ] is the isomer (throo—epimer) of WR-l4,~, -190

(mefloquine), the most promising of the 4—quinolin~ r.; thanols

examined to date. Interest in evaluating the activity of

WR-177, 602 against infections with P. falciparum in the owl

monkey rested on the demonstration that its acute oral toxicity

fo r the mouse wa s approx imately one-fourth that of WR-l41, -190

(LD1O — WR-177,602 =3600 mg per kg body weight; LD10 - WR-l4.i, -490

810 mg per kg bod y weight ) .

The results of the pilot assessment of the activity of

WR_l77,602* against established infections with t L 5  m u l t i d r u g -
resistant Vietnam Smith strain of P. falciparum aja3 details’,]

in Tables 1 and 2. The data in Table 2 show tha t cures were

achieved in f ive  of the ten recipients of WR-177, 602 in daily

doses of 2. 5 mg base per kg body weight and in nine of nine

recipients of 5.0 mg pe r k g doses. WR-177,602 has a st-sep dose

r espons e curve , as indicated by the failure of doses less ti-ian

2.5 mg per kg to effect even temporary clearance of parasitemi t .

The results of the above evaluation have been corn-

pared with those of earlier assessments of the a c t i v i t y  of

WR—l42 , 490 (cf Table 3). Thi.s comparison indicates that the

two isomers have essentially identical activities against

infections with the Smith strain of P. falciparuni . A car ’—

ful comparison of the subacute tox ici ties of WR -l 77 , fIO.~ and

W R — 14 2 , 490 for  variou s an imal species would seem to be an
investigation of high priority. If such a comparison slice”

that the subacute toxicity of WR—l77 ,b02 is regularly and

significantly less than that of WR-l4.~, i~~0, this threo—epimer

c l ea r ly m e r i t s  eva lua t ion  f o r  both t o l e r a b i l i t y  an I a c t  i~~ i t y

in human volunteers, the advanced statue of c l i n i c - a l stu l i i

on m e floqu i n e  no twi ths t and ing .

*P re a ir e d  as the monohydrochloni I’ s a l t .
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TABLE 3

COMPARISON OF THE ACTIVITIES OF W R — 1 7 7 , i 0 . ~ :-.NI) ~‘.‘I - - -l1,~, t90 T’,V ;b I NC ,; l
ESTABLISHED INFECTIONS WITH THE VIE’IOA?1 S~11T!1 STl~A iN

OF P LASMODIUM FALCIPARUM

Dali Dos * No. of Infections Treats’] Days fros-
Compound y e ______  _____________________-— Initial R’,~
WR- No. Mg Base/Kg Response to TrCCt tnt nnt t o P a r a s i teBody Weight Total — —  _____ ______ — - - -— 

, Ir~one Suppressed Cleared C u rs  I - ar ~.nc-

0. 6 2 5  3 — 3 — 0 n . ‘( .

1. ~5 3 — 1 0 n . a .

177 , 60~ 2 . 5 10 — — 10 5 7

5. 0 9 - — 9 9

10. 0 3 — — 3 3 1-

1..~5 — - 0 n a .
‘) 5 6 — — 1 ‘ p

i-L~, - 19 0 I

5. 0  14 — — 14 i t  7

10.0 2 — — ,
~ ,~ 7

*
Administered as the hydrochloride salt, via stomach tul - - , oncc m i  lv

fo r  soven consecutive days .

**M ’ d i a n  -lay to clearance of parasitemia.
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11 . S ’f’1~ ) I f-If ( I
~ ; WR— I o .1 , _ I 3 1

~ R—1 8~~, ~31 [II
— (di -N- - k utvlc~ LinoeU1\’l) — ,~— ( - 1 —t r i f 1 u o r o —

mc~ l i v i r t h ’nv 1) —I — t n  f luo orn 1 - th v l  — -1 _ u yr i C m in em ctb a n o l ]  was I j o~~~~~~~~]

w o r t h y of i l o t  e v a l ua t i o n  because  of i t s  s t r u c t u r a l  s imi la r i -
ties to <I-H-l7~~, - 135 and ~ R— l8O , 409 ( c f  f i g u r e  1).  The l a t t- ’r
aqcnts aLL - esscfltially ~aually active an d  t ] i ’ most  e f f e c t i v e
of t s e  1-~:-yr id inemet hano l s  examined to dat’s in the owl monkey -

P. falciparum model.

The assessment  of the  ac t i v i t y  of WR —18 ~~, 23 1* w a S

l i m i t e d  to ‘:- :coriments on monkeys i n f e c t e d  w i t h  t b -  Smi th  s t ra in
of P. falciparum (cf Tables .1 and 51 . As the summary observa-

tions show (Table 5), this agent was routinely curative when

administere4 in daily doses of ,Ifl. 0 mg base per kg body we igh t .
Cl ar anc e  of p ar a s i tem i a  was a t t a i n e d  r e g u l a r ly  by de l ive ry  of
10. 0 mg per kg closes, but only two of six infections so treats- i

were cu r -- I . Doses of .1. 5 mg per kg were e s sen t i a l l y  wi thout
effect on the course of i n f e c t i o n. Limited suppression of

parasitc-mia was achieved in three of six recipients of doses

of 5. 0 mg per kg.

The r e s u l t s  of th is  evaluation of the activity of
WR- 182 , 13 1 have been compared wi th  the resul t s  of ear l ier
assessments of the activities of the hydrochloride salts of

W R - l 7~~, - 13 5 and WR- l80 , 409 , This comparison, summarized in
Table C , shows clearly that WR-182, 231 is no more than one-
fourth as active as WR-180, -109. WR—182, .131 is definitely

l o s  act ive  than WR-1 7 .1, - 135 , a l though the  data on the latter
a ~~L are’ too limit ’s-I for a precise assessment. Unless

WR-18.1, .131 has major toxicologic advantages over WR-l7 .1, 4 3 5

and WR-180, 109, it woul d not appear to merit further :ittcnt ion.

Preparall as t h -  m o n ohy dr o c h io r i d e  a l  t~,

SIl l C l , ’ RN H L S F  A F 1  I, S’ . T I l I I I I
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FIGURE 1

STRUCTURES OF WR-l82, .131 , wR-172, 435, AND WR-l80, 409

IIO~~(C1I .1) 
N(C,1 H9)

CF 3~~~~~~~~~~~~~~~~~~~~~~~~~~ CF 3

WR—1 82, 231

a_ (di_N_butylaminoethyl)_2 (4 trifluoromethYlPheflYl) 6
tn fluorome thyl-4-pyridinemethanol.

H

HOC (CH2) N(C411g ) 2

CF3 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ CF3

WR—172, 435

~~~(di_N_buty1aminoe th y l ) _ . 1, 6_ d i_ (4 - t r i f lu or o m eth Y lP hefly 1)
4—pyridinemethanol.

HOC~~~~~~
Q

CF3 ~~~~~ CF3
WR- 180, 1O~

I l  — . 1 ’  -nipo ri-Iy l—.1— ( t — t  ri f l u o r o met hy ip lion y l )  -t ~— t r i  f l u ov o m ~’t h y l —
1 — p y r !  I i  n -~m~’t I - - I n l i .
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TABLE C l

A C5’MPARTS- OF TIlE ACTIVITIES OF WR I82, 231 , WR— 17 ,1 , - 135 , AN D W L l h D , 1 1 ) 9
f-H”T,-”(BLISI -IED I N I - ’EC ’ l I I ) N S  WITH TIlE \- IE1’I’NAM SMITH STRAIN

01-’ PL~~SM OD IU M FALC IP ARU M

- * No . of I n f e c t i o n s  Treat1-d  Days  fr o s ,
Co0 ’C_ / ound Daily Dose Initial fs-~-M a Ba C C ’ !~~I Response to Trea tment  to P a r a s i t

BoJv  l’~’si~~Lt  To t a l  —______ —
~~~~~~~~

—

Non’s Suppressed  Cleat  ‘sO Cured Clea r i n ~

2 . 5 3 3 - — 0 n . a ,

5.0 - 
— 3 3 0 n a .

182 231 10. 0 I I -  — — 2 n . a.
‘0.0 - ( I  — — 5

___ — I — _ _ _ _ _ _ _- —. _____ ____ _______

~~~~~

-

~~~~~~~~~~~~~~~~~~~

— _____  _ _ _ _ _ _ _ _ _— —

1. 25 3 3 — — 0 n . e .
17 .1, 135 , 0 

- 

— — 14 5

10 . 0 1 — — 1 1
_____ - _____ — - — -

1. 25 - ,i 3 1 1 n. a.

2 . 5 13 1 1 11 0 n . a ,
l°0, 109 0 11 - 1 20 19 ~‘

10, 0 (1 - - (1 C l  5

*
Al m nlstcr’s-d as the hy ir ocb loride  sa l t , via stomach tube, once 053 iv

f or sev -n c o n s e c u t i ve  :iays .

**
‘1- ” h a n  lay to claCirance of parasitemia.
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I I I . STUD I ES ON W h — , 10-l , 11 -3 A~ D W i - — l i  1 , ‘ 1 5

The s t  r uc t u ra s  of W I — — 2 0 - l , 165 I n - I  WR— l 3-1 , 9 5  are
in d ic a t c c i  in Fi gure  2 , Both of t h ese  d 13 -n t s  can 0-s c o n s iD er -  -d

i s  Mannich bases . The re ‘,-1-as cons~~-:I~s rable  i n ter e st  in M e nn i ch
r ea c t i o n  ro )U ct s  d u r i n g  th e World  W a r  I I  M el  I r i a  Chsvnoti -s-rapy
P r o g r a m . A significant group of such a~j  -s its  exhibi t ~~~~ a c t i v i t y

a j a in s t  i n fe c t i o n s  wi th  e r y t h r o c y t i c  p a r a s i t e s  of P . ~~~Th 4 c - us.
an i P . lop hurae  in the chicken and P . kn ow lesi in the rhesu s

monk -~v, Four were eva lua ted  a g a i n s t  i n f e c t i o n s  w i t h  P , v i s — a x
In h u m a n  v o l u n t e e r s  with d i s a p poi n t i n g  res u l t s .

W R — 2 0 4 , 165 , one of the M an n i c h  bases p r e - i a r ’s d  in
th- - - ‘ ur r e n t  M a l a r i a  Chemotherapy Program , exh ibi t ed si g n i f i can t
a c t iv i t y  aga ins t  t r o p h o z o i t c — i n clu c eD  i n f e c t i o n s  wi th  P . berg hci
in t a ”  mouse and P . cynomolgi  in the rhesus  monkey. Since the
level  of a c t i v i t y  enc~~untered  appeared much super ior  to t ha t

of an’,’ s ia r i v a tiv e  examined in the W o r l D  War II  M a l a r i a  P r o q ra m ,
i t  was d-? 1’l5led to undertake a pilot assessment of the activity
of W R - 2 0 - l , 165 aga ins t  es tabl ished infections with the multidrug-
r e s i s t ant Smi th  s t r a i n  of P. falciparum, The demonstrated

e f f e c t i v e n e s s  of t h i s  compound led to s i m i l a r  s tudies  on
W F-1’)I , OaS . which was looked upon as a likely metabolite of

W R — 2 0 4 , i t ’  5,

The r e su l t s  of the p i lo t  eva lua t ions  of the activ-
ities of W R - 2 0 - h  165 and WR —1 94 , 9 1-5 have been summarized in
Tabl es 7-10 , A l t h o u g h  data  on WR — 194 , ’)I 5 are less ex tens ive
t b - i n  those on W R — 2 0 - l , l t 5 . i t  seems l ike ly tha t  these agents
are essentiall y equally active , curing infections with a high

I- :- cj r- ”e o regul i r i t v  wii - :- n a d m i n i s t e r e d  in doses of 5 . 0  mg base
s-cr  N g bnsly we i  0h t . d a i l y  f o r  seven con -/ e cu t  ive days . Bo t h

aqs’nts h iv e  steep dose r- ’sponse c u r ves , as in d i c a t e - I  by f a i l —
u t - to a c h i e v e  c~~ea r a n cc  of l ’a r a s .~ t ~ rnia at Doses of 1, 25 mg

per - C 5  i r r - ’si u l ar  c l e a r an c e  in  some recC } C ‘ f l t S  o f  2. 5 mq ~ - -r

~‘~co , cure  or  i n f e c t -  ions in o the r s , an :I f u l l  c u r a t  i v ”  a c t i ’-j t  \‘

it 10505 of C) 0 mg per kq.
S/C l  T H F I 4 N F l 4 , 4  *F /C N I N ’ - . f l T tJ l (
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The a c t i v i t i e s  of W R — Z 0  I , 165 ansi WR—1 9 -1 , 91 , 5 e x h i b i t e d
above are very  s imi l a r  to those - l i s p l a y e d  by the most active
of the - 1—quinolinemethar ’ols and -I-pyridinemothenols . If the

t o l e r a b i l i t y  of these Mannich  reac t ion  products  compares
favorably with that of the l a t t e r  agen t s , t r i a l s  in human
volunteers would seem indicated.

S I ’ 1 1 T 4 4 1  F1N R t S F A O ,  II I N S I l I l I l I  
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STRUCTURE S OF WR- 204 , l(, 5 AND WR- 19-1 , 965

0 N C ( C H 3 ) 3

Cl~~©-~~~~~~~~~~~~~~

C (C H3 ) 
~

W R — 2 0 4 ,  165

3 , e -b ± s— (t e r t .  b u t y l ) — 8 — (4 — c h l o r o p h e f l y l ) — Z H , 4H — l, 3-benzo—
oxazifle.

I
~
I

Cl_©
~~~~~~~~~~~ 

CH 2 NC (CH 3) 3

C ( C H 3 ) 3

WR-l94, 965

2- (4-chlorophenyl)--1-tert . buty l-C—( tert. bu ty laminomethy l)-
pheno l.
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I V , STUDIES ON THE CA I’ /\CITY 01- ’ WR—1C3 0, 872 TO ENHANCE THE

ACTIVITY OF WE- 15H , ~~~

Studies pursued in preceding years showed that

WR-158 , 122 [2 , -1-diamino- ~~— ( 2 - n a p h t h y l s ul f o ny U — quinazo 1ine]

has remarkable activity in owl monkeys infected with the drug-

suscept ible  Chesson s t r a i n  of P. v ivax or the chioroquine— ,

quinine-resistant Oak Knoll  s t ra in  of P. f a l c ipa rum.  The

acti’1’iC-y of this quinazoline derivative was reduced markedly

in monkeys infected with pyrimethamine—resistant strains of

e i t h e r  of these plasmodia , To a very  great  ex tent , the

liabilities of pyrimethamine resistance could be eliminated

by a d m i n i s t e r i n g  small  doses of s u l f a d i a z i ri e in combination
wi th  WR —15 8 , 122 (cf Report SORI—KM— 73—2-1 6, July 23, 1973) .

S tudies  pursued by Thompson and coworkers in mice
infected with a pyrimethamine-resistant strain of P. berghei

scernc’- to offer an alternate approach to use of a quinazolinc—

su l fonamide  mix tu re .  These i nves t i ga t i ons  showed tha t  the
liabilities of pyrimethamine resistance could be abolished by

administering WE—iSO , 872 [2, -l—diamino--6— (2—naphthylsulfonyfl -

5, b , 7, 8—tetrahydroquinazoline] in combination with WR—158 , 122 ,

Exper imen t s  were ca r r i ed  out to de termine  whether s i m i l a r
b e n e f i t s  cou ldbe  achieved in monkeys in fec ted  w i t h  the pyri-
m oth a m i no -r es i s t a n t  Vietnam Palo Al to  s t r a in  of P . v i v ax ,

The resu l t s  have been summarized in Tables 11 and 12 ,

As shown in Table 12 , the lar g e s t  close of W R — 15 8 , 122

employed alone in th i s  eva lua t i on, 1, ~~~( I mg per kg body wciqflt
d a i l y,  e f f e c t e d  temporary c learance  of parasitemia. No cures
wer ’~ ch ie~-’ed I n  t h i s  s tudy ; in a much l1lr qI ’r experiment, f iv e

o t - i in  f e c t i o ns  were c u r e l J . The ] arq -st -lose of WR—18O , F-7 2
u t i l  1/ed I l l -r n - ’  w i s  25 , 0 mq p - - i ’ k g d a i l y .  Previous studies h,1J

H’- -m th , t  sw -h  an amoun t w o u l d  cure infect i ens with thc  c h l o r o—

quin e— t -s ist ~nt , t y r i m e th r n i i n c ’— :- ( 1  , - ~~:0 ibi s ’  1 1  I k  K n o l l  t r ain  o~

‘F-I ‘ ) I 4 E R N  RL)I [ A R C H  INS1’ 1 T 1 I T(
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P. falci parum. In the c u r r e n t  inve s t ic j 1 4t i o n  (Table 1 2) ,  t h i s

dose level failed to control the uarasitemia in monkeys inf -cted

with the pyrimethamine—resistant Palo Alto strain,

As the data summarized in Table 12 show, l i t t l e, i f
anything,  was gained by a d m i n i s t e r i n g  WR-15f . 122 and WR-180 , 872

in combination , Doses of 0. 39, 1. 56, or 6. 25 mg of the latter

quinazoline added nothing to the activity of 0. 39 mg per kg or

lesser doses of WR—158, 122. This negative contribution stands

in striking contrast to the benefits derived from administering

WR—1 58, 122 in combination with sulfadiazine, where concomitant

delivery of 0, 098 mg per kg doses of this quinazoline and 5. 0

mg per kg doses of the su l f onamide wa s a un i fo rmly curative

reg imen.

S O U T H E R N  i l F S I  A R C H  I N S T I T U T E
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V. THE ACTIVITY OF WR-Z03, 661

There has been intermittent interest in the anti-

malarial properties of WR-203, 661 and WR-203, 659 (clindamycin)

since 1967, when Lewis first reported on the activities of

these lincomycin derivatives in mice infected with P. berghei,

The most recent interest stemmed from a preliminary report

by Powers on the activity of WR-203, 661 (original ly  coded
U-2,4,729A) in owi monkeys infected with the chloroquine-re-

sistant Oak Knoll strain of P. falciparum. This observation

was confirmed and extended [cf Annual Report (this Project)

1973—1974] to investigations with the multidrug—resistan t

Smith strain.

The results of these previously reported studies
showed that WR—203, 661 was fully active in the face of chioro-

quine, quinine, or pyrimethamine resistance and that it was

approximately eight times as active as the closely related

WR-203, 659. However, parasitemias were controlled slowly when
either agent was administered in a seven consecutive daily dose

regimen , Attempts have been made to determine whether this

liability could be reduced by mod ify ing the dosage regimen ,

This modification has taken two forms: (1) delivery of the

total dosage of WR-’-203, 661 in a single dose or three doses

instead of seven ; and (2) delivery of an initial loading dose

of this agent, followed by a series of small  f ractional doses.

The results of a preliminary study, summarized in

Tables 13 and 14, show that the curative activity of WR-i~O3, 661
was less when the same total amount was administered in a

single dose or three divided doses than when seven consecu—

tive daily fractions were delivered . The ratr of parasite

c1~)IIrancc’ was not improved in either the short term or load-

irig close regimens. Although the data supporting thC~~ con-

clusions are limite d , their consistency suggests that further

pursuit of ios Xgo regim- -n studies would not hn r ’w, rdi rIIl,

‘-‘ ‘I I N >  P~ I - I S >  &III I > N — V  ( ( (T I  
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Somewhat u n r e l a te d  s tud ios , -3~ scribed in Section XIII

of this Report , indicated that the simultaneous delivery of

WR- .W3, 6tl would enhance the capacity of primaquine to cure

infections with sporozoites of P. cynomolgi. Since this

f i n d i n g  migh t  be applied to human infections with P. vi~’ tx ,

it became important to know whether the trophozoite phase

of such infections could be controlled by WR—203 , 661 or

w~ ether it would still be necessary to employ chloroquine

or other agent as a blood schizonticide, This led to a

limitel assessment of the capacity of this lincomycin deriv-

ative to cure established infections with the Vietnam Palo

Alto strain of P. vivax.

The r e su l t s  of the- ~~~~~~~ e v a l u a t i o n, summar ized
in Tables 15 and 16, show that the curative activity of

WR—203 , 661 was characterized by a flat dose response curve ,

A significant proportion of infections was cured by the least

daily dose used in this study (1. 25 mg per kg body w’ight)

a daily dose of 10. 0 mg per kg was required for a uniformly

curative response. At any of the doses employed , parasitemias

were cleared slowly, These findings suggest that in order to

make effective use of the capacity of WR-~~03 , C> (I l to enhance

the radical curative activity of primaquine , it would be

desirable to include a rapidly acting blood schizonticide

in the treatment regimen,
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VI. COMPARATIVE STUDIES ON WR-30, 090 BASE AND

WR-30, 090 HYDROCHLORIDE

WR—30 , 090 [c~- ( d i-N-but~~l am i n o m e t h y 1 ) — 2 — (3 , 4—d ich lo—
rophenyl)-6 , 8-dichloro-4-quinolinemethanol] , one of the f i r s t

prom ising compounds to emerge from the experimental component

of the Malaria Chemotherapy Program, was evaluated in human
volunteers  for  tolerabil i ty and for  capacity to cure infec-

tions with chioroquine-resis tant, pyr imethamine-resis tant
s t r a ins  of P. fa lc iparum .  The favorable  results  of these
s tudies  led to closely supervised f i e ld  t r i a l s  in mi l i ta ry
service personnel in South Vietnam. Overall, the resul t s

of these studies were promising. However, there were some

irregularities in response which required special monitoring

oj, patient status and ad jus tment  of the dosage of WR-30 , 090 .
Those irr egul ri ties were attributed to erra t ic  absorption of

~‘.R-3O , 090 which was administered as the re la t ive ly  insoluble

monohydrochlor ide salt.

In an ef fort to circumvent such response irregu-

larities , attention was directed to development of a more

soluble form of WR-3O, 090. This endeavor, pursued by inves-
tigators at the INTERx Research Corporation, led to the dis-

covery that WR-30, 090 base was highly soluble in oleic acid ,

up to 20 per cent by weight , and readily absorbed from such
solution. A limited study pursued in the dog showed that
the peak plasma or whole blood levels of “WR-30 , 090” were
eightfold greater following oral administration of the base

in oleic acid than after delivery of the equivalent dose of

the hydrochloride salt. On the ba sis of th is observa tion ,

p lans were made for evaluating the therapeutic activity o f

oleic acid solutions of WR-30, 090 base in human volunteer> :,

As a prelude to the>-~o e v a l u a t i o nC , the bioav~ui la b il it v of

- I ,’  • , N  (4>  - >  >“  ~ - ‘,
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WR-30, 090 base and WR—30, 090 hydrochloride was compared

in owl monkeys infected with the Vietnam Smith strain of
Plasmodium falciparum*,

The resul ts  of thi s comparison have been deta i led

in Tables 17 and 18 and summarized in Table 19. As the data

in the latter table show, there was a striking difference be-

tween the therapeutic efficacy of WR-30, 090 base and WR-30, 090

hydrochloride salt. Contrary to what would havebeen expected

from the absorption data, the base had very limited activity.

In recipients of the base in doses of 5. 0 to 40. 0 mg per kg,

clearance of parasitemia was achieved in but six of fifteen
subjects, and cure of the infection in but one individual.
Within the same dose range, delivery of the hydrochloride
salt led to clearance of parasitemia in 26 of 27 recipients,
cures in 21 of 27.

*
Since the oral administration of oil solutions to exper-

imental animals is not a conventional procedure, a brief de-
scription of the method of delivery of both WR-30, 090 base and
the hydrochloride salt seems indicated. (1) WR-301 090 base: A
stock solut ion of base in oleic acid was prepared and di luted
serially with oleic acid to give a range of concentrations such
that the dose per kg of monkey was contained in a 0. 2 ml volume.
The volume actually required per monkey was measured via use
of a 0. 25 ml tuberculin syringe into an opened No. 5 gelatin
capsule. After capping, the latter was placed in the non-
constricted end of a No. 14 French urethral catheter which
was passed into the stomach by conventional technique. The
capsule was promptly ejected from the catheter by slowly com-
press ing the air in a 5 ml hypodermic syringe attached to the
cons tricted end of the catheter. (2) WR-30,090 hydrochloride:
A stock solution was prepared by an initial grinding of the
requisite quantity of this salt with 0.1 ml Pw een 80, followed
by grinding to a homogeneous suspension with the required quan-
tity of distilled water. The appropriate volume of this sus-
pension was placed in a 50 ml Erlenmeyer fla sk and diluted to
10.0 ml with water. This volume was introduced into thestomach
through a No. 14 French urethral catheter, f i t t e d  with a 10. 0
ml glass hypodermic syr inge, and followed by rinsing of flask
and syringe with 3 to 5 ml distilled water.

5 > 5 - 1 Il’.~~ - ‘
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TLese  per p l ex i rij  and un -: ’ : - ( ‘f e d resu l t s  suggested

t L i t  f h — ~- r _ i  mi ght  be major d i f fe r e nce s  in the absor ption of

WR-30 , 090 base and hyd roch io r i- le  sa l t  in d i f f e ren t  animal

spec ies ;  ei the r  tha t  or the blood level:3 of “W R -30 , 0 90” were
unrelated to a n t i m a l a r i a l  a cf i v i t y .  Ce r t a in ly, i f  plasma and
blood levels were similar in owi monkey and dog, it woul d have
to be concluded tha t  what wa>; Leing measured as ‘W 1~-3O , 090 ’
was probably a mixture of derivatives and unchanged drug, a
lar ~j -.’ component of wh ich was devoid of a n t i m a l a r i a l  act ivi ty.
In order to assist  in resolving these issues, a comparison was

undertak en of the levels of “WR-30, 090” in blood fo l lowing oral

administration of equivalent doses of the base and hydrochloride

sal t  to n o n - i n f e c t e d  owl monkeys. A companion rhesus monkey
component was added to this experiment to assist in appraising

species var iab i lity.

Ten owl monkeys and eight rhesus monkeys were
assigned to what was to have been a two—ar med crossover

experimen t . In one arm , f ive  owl monkeys and four  rhesus

monkeys were to receive a single 20. 0 mg per kg dose of

WR-30 , 090 base in oleic acid; the remaining f ive  owl monkeys

and four rhesus monkeyswere to receive a single 20. 0 mg per
kg doseof  WR-30 , 090 hydrochloride in water *. Blood samples
were to be cL - ~-ained jus t  prior to dosage and 2, -1 , and (>

hours th er ea f t e r. These samples were to be refrigerated on

collection and shipped in wet ice th e next morning to INTERx
Research Corporation. Two weeks later the procedure was to
be repeated with reversal of the assignment of the monkeys

to the two pr eparations.

*
The procedure for administering thc oleic acid solution

of WR—30, 090 base and suspension of WR-30, 090 hydrochloride
to the owl monkey was identical with tha t  already described .
Except for site of capsule (No, 0) and urethral cathet ’r
(No. 20 Fr), and vo lume of U - ; ‘) 3nsion , the sarn~ ’ method was
used for a - m i ni  s t o r i ng  these C q - C n t s  to tTh ’ rh ’I > U s  monkey.

501 flI > ‘ iN 1 - >  ‘ ‘ 4  A P I  H 1 N 6  ‘ 1 >
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Technical ly ,  the del ivery of ~1 r uj ,  co l lec t ion  of

blood, and shipment to INTER x went o f f  w i t h o u t  i n c i d e n t. To

the bewilderment of all , no more than a trace of WR-30, 090

could be found in any blood sample. Because of thi s, it was

decided to postpone the second portion of the planned study ,

pending resolution of what appeared to be a serious analytical

p roblem. To this time, the problem has not been resolved.
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TABLE 19

SUMMARY OF THE COMPARATIVE ACTIVITIES  OF WR-30 , 090 BASE AND WR-30 , 090
HYD ROCHLORIDE AGAINS T ESTABLISHE D INFECTIONS WITH THE VIETNAM SMITH

STRAIN OF PLA SMODIUM FALCIPARUM

* No. of I n f e c t i o n s  Treated I Days fromDaily Dose ______ ______________________________ i - -Initial RxWR—30,090 Mg Base/Kg Response to Treatment - to P a r a i - li t e
Body Weight Total 

~i
--

None Suppressed Cleared Cured 
1~~~ h 1  l f l ( . e

1. 25 3 — 3 — 0 n.-.i .

2 . 5  3 1 — 0 n. a,

Base 5. 0 3 - -~ 1 0 n . a.

10.0 3 — 1 0 n .~~2 .

20.0 4 - 1 3 1 n . a.

40.0 5 1 3 1 0 n.a.

5.0 3 - 2 1 0 n,a.

10.0 5 — 1 4 3 >5
Hydro-

chloride 20. 0 15 — - 15 l~
40.0 7 — — 7 6 4

*
Administered via stomach tube once daily for seven conE- — > ’utive ~~ys .

**Median day to clearance of parasitemia.
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V II . C C I ~ 1PAR 1 S IN 01- ’ TILE BLOOD SCI-IIZONTICIDAL ACTIVITIES OF

PRIMAQUINE AND WR-18 1 , 023

As a clas~- , the 8-aminoqu ino l ines  have  a c t i v i t y

against all forms of P. vivax, including the blood schizonts.

Unfortunately, t h 4 C  l a t t e r  o ar a s i t e  stages are less suscept ib le
than  t~~ tissue schizonts to the action of agents such as pri—

maquinc, isopentaquine, and pentaquine. In fact, the dose of
any one of these compounds required to eradicate the erythro-

cytic parasitcs of P. vivax is at least four times the dose

required for radical cure. Since such large doses approach

the maximum tolerated level, it is not possible to exploit the

broad spectrum of activity of the 8-aminoquinolines. Interest

in such a possibility, renewed with the development of WR-l81, 023,

1-C -1 to a direct comparison of the capacities of this agent and

primaquine to cure established infections with trophozoites of

the Vietnam Palo Alto strain of P. vivax, with the results set

forth in Tables 20 to 23.

The observations summarized in Tables 21 and 23 show

that the curative activity of WR—l8l, 023 is clearly superior

to that of primaquine. Daily doses of 2. 5 mg WR-l81, 023 per

kg appear to be curative ; doses of 1.25 mg per kg effected tem-

porary clearance of parasitemia. Doses of 2. 5 mg primaquinc

were not curative. Over all , its activity fell between one-

half and one-fourth that of its -1-methyl  congener. llJthough

the demonstrated superiority of WR—1 81, 023 is encouraging, its

blood schizonticidal activi ty is not great enough to have thei-a-

peu t i c  appl i cab i l i ty.  Even with its improved activity, the

dose of WR-18l, 023 required for control of the erythrocytic

phase of P. vivax infections exceeds by almo st a log t h- - ~1ose

requirni for elimination of tissue schizont - ind C1~~p C O C I ’heS a

level which could provok e hepatotoxicity .
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V I I I . STUDIES ON WR - 184 , 806 --AH

WR— 184, 806 -Au) the phosphate sa l t  of a ’- (t e r t .  buty l-

aminoethyl) -2, 8-bis- (t r i fluo ro rne thy l )  -4-quinolinemethanol,
was prepared in a batch quantity sufficient for evaluat ions
in human volunteers, and for the preclinical investigations
required for FDA approval of a new drug t r ial, One component

of the latter investigations required subjecting this prep-

aration to a series of studies aimed at quantifying its anti-

malarial  activity and determining to what extent such activity
was influenced by the dosage regimen and route of delivery,

The results of these explorations were summ arized on December 9,
1974 for inclusion in an IND application . This summary is

reproduced in its entirety as part of this Annual Report .

SIll : 1 , 1 ( 1 4 1 4  I - ‘- I  >14 (14 - ‘- ‘- T I l t i ’F I
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SUMMA RY OF STUDIES C A R R I E D  OUT UN DER CONT RACT NO . DAD A 1 7 — ( 9-C-91- TIi

ON

WR- 184 , 80b-AH (BN :  BD— 9 9 . 07 8 ) :  ITS ACTIVITIES AGAINST ESTABLISHED

INFECTIONS WITh PLASMODIUM FAICIPARUM AND PLASMODIUM VIVAX

IN THE OWL MONKEY (AO TUS TRIVI RGATUS)

Southern Research I n s t i t u t e
20 00—Ninth  Avenue South

Bi rmingham, Alabama 35205
December 9 , 197 4
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WR— 184, dOt -—A ll (IN: BD— 99 ,  078) ITS ACTIVITIES AGAINST IiSTABLISHED

t N E - ’ECTIONS WITH PL A SMODIUM FA I CIPARU M AND PLASMODIUM VI VAX

I N  THE OWL MONKEY (AOTUS TRIVI R GATUS )

INT RODUCTORY COMMENT

WR—1 84 , 806’~AA* ~~— ( t e r t — b u t y 1 a m i n o e t h y l ) — 2 , 8 — h i s —
( t r i fl u o r om e t h yl ) — 4 —q u i n o l i n e m e thanol . hyd roch lo r ide]  r a n k e d

high  among the q u i n ol i n e m e t h a n o l s  w i t h  respect  to a c t i v i t y
a g a i n s t  i n f e c t i o n s  w i t h  P lasmodium berghei  in the mouse (Pane

M o d e l ) .  The above compound also exhibited a high order of

activity against infections with P. falciparum in the owl

monkey (Ao tu s  t r i v i r g a t u s ).  In pilot evaluations in this

latter model , the activities of WR—184 , 806—AA against infec-

tions with the pvrimethamine—resistant Malayan Camp—CH/Q

s t r a i n , the c h i o r o q u i n e — r e s i s t a n t  V ie tnam Oak Kno l l  strain ,

and the m u l t i — d r u g  resistant ( p y r i m e t h a m i n e, c hlo r o q u i n e,

quinine) V i e t n a m  Smith strain , far exceeded the activities

of i ts e a r l i e r  r e l a t i v e . WR ,~30 O9O ** and  f e l l  only sl i gh t ly
shor t  of the a c t i v i t i e s  of W R — 1 4 2 , 4 g O~~, the  most  e f f e c t i v e

of the quinolinemethanols studied to date.

The comparative activities of these three  q u i n o —
lin e m e t h a n o l s , as exhibited in pilot evaluations in owl

monkeys infected with the above s t r a i n s, a re  set f o r t h  in

Table 1 . The results of these assessments , togethe r w i t h

* WR—184, 8O6--AA (BN: BB—52 . 137).

** WR—30 . 090 ~~— [(di—N’-butyl)—aminoethy1]—Z’- (3, 4—dichloro—
phenyl)—6 . 8—dichloro—4--quinolinemethanol, hydrochloride)
has exhibited significant activity against P. falciparum
infections in human voluntc-Crs and in the field .

t WR— 112 , 490 ~~—(2—piperidy l)—2 , 8—bis—(trifluoromethy1~~-- - I—
quinolinemethanol, hydrochloride] has exhibited stri t inu
activity against infections with P. ~~~~~i arum in h u n - a n
vo lun tee rs ,

SOUT - 5 R I S E A R U > - .  I N’ , T 1 I~~~~)
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the r e s u l t s  of spec ia l  t o x i c i t y  s t u d i e s  pursued elsewher . .

led to the decision to evaluate the tolerability and a n t i n a —

larial properties of WR— 184 , 806 in huma n v o l u n t e e r s. P r i o r

to emb a rk ing  on these i n v e s ti g a t i o n s,  a t t emp t s  were  made t.o

a cquire a s a l t  of WR— 184 , 806 with greater solubility and

be t t e r  shelf  l i f e  than the hydrochior ide.  These e f f o r t s  led
to preparation of the phosphate salt which exhibited physi-

cal characteristics superior to those of the hydrochloride .

This finding led to manufacture of a batch lot of WR— 1H-1 . 801

phosphate for ultimate use in human volunteers and in pilot

field studies. New drug development regulations made it

necessary to examine this lot for antimalarial activity and

toxicity. This Report is concerned with the examination for

antimalarial activity.

The investigations summarized below had multiple

objectives: first and primarily, to assess the bioavaila—

bility of the preparation of the phosphate salt destined for -:
c l i n ical t r i a l s; secondly . to determine the influence of the

dosage regimen on the activity of this salt; and thiraiy . to

e x a m i n e  the  t o l e r a b i l i t y  and e f f i c a c y  of WR—18- 4 , 806 phosphate
delive red via the intravenous route. These evaluations were

carried out in owl monkeys bearing infections with the Viet—
nam Oak Knoll and Vietnam Smith strains of P. falciparum and

the Vietnam Palo Alto strain of P. vivax.

141)1 ‘ I I I R N  r-~~$ r A R c ~~I ~ 1 1 1

- ~~~~~~~~~~ -~~~~ -



- -- - -~~~~~ - ---~~~~~~~~~~~~~ - - -—

—65—

METHODS AND PROCEDURE S

The data summ ar ized  in t hi s Re por t were d e r i ved
f r o m  the seven separate experiments listed below.

1 . May 28, 1974 — Vietnam Oak Knoll strain ,

P. falciparum.

2. June 12 , 1974 — Vietnam Oak Knoll strain ,

P. falciparum.

3. May 31 , 1974 — Vietnam Smith strain ,

P. falciparum.

4. June 28, 1974 — Vietnam Smith strain .

p. falciparum.

5. May 10 , 1974 — Vietnam Palo Alto strain ,

P. vivax.

I’ . June 1 - i . 1974 — Vietnam Palo Alto strain ,

P . v i v a x .

7. July 26, 1974 — Vietnam Palo Alto strain ,

P. vivax.

The same preparation of WR—184 , 80(, designated

WR— 184 , 00t- —AH phosphate. BN: BD—99,078, was used in act of

t h e  above experiments . The base content of this salt was

80 p r  cen t .

SI IJ T H L  RN RI  ‘ - I  A > >  1> INST ( 1 t : T ,
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The f o l l o w i n g  e x p e r i m e n ta l  p rocedur - s  WI rI common
to all of the studies . Owl monkeys . im po r t ed  d i r e ct l y  from

the Barranquilla area of Colombia. were used exclusively.

These subjects were vaccinated against Herpes tamarinus and
1-Ierpes simplex and conditioned for a m i n i m u m  sixty-da-~’ period ,

via procedures detailed elsewhere (Transactions of the Roya l

Society of Tropical Medicine and Hygiene , t- 7 :4-h —7 -I , 1973).

They were then assigned to assessments of the activities of

WR—184 ,806 against infections with either the Vietnam Oak

Knol l  or Vie tnam Smith strains of P . t2 a lc i p a rum .  Monkeys

p rev ious ly  i n f e c t e d  w i t h  these or other  s t r a i n s  of
P . fa lc ipa rum ,  and cured via a p p l i c a t i o n  of appropriate drugs

other than WR-184, 806 , were a s s i g n e d  to a s s e ss m e n t s  of th e
activity of this quinolinemethanol against infection s with

* **the Vietnam Palo Alto strain of P. vivax

*
The responses of infections with the three test strains

to currently available antimalarial .drugs have been detailed
elsewhere (Transactions of the Royal Society of Tropical
Medicine and Hygiene . 67:44(—74 , 1973). In brief , infections
with the Vietnam Oak Knoll strain are fully resistant to
treatment with maximum tolerated doses of chloroquine and
quinine , but are susceptible to treatment with pyrirnethamine
or proquanil. Infections with the Vietnam Smith strain are
f ully resistant to treatment with each of the above drugs .
Infections with the Vietnam Palo Alto strain are susceptible
to treatment with chioroquine or quinine, but are resistant
to pyrirne thamine or proguanil,

**
The owl monkey closely resembles man in that previous or

current  i n f e c t i o n  with P. falciparum does not alter s u s ce p t i —
bility to infection with P . vivax or vice versa. This makes
it possible to utilize an anima l for evaluating the activi t y
of a drug against infections with P. fulciparum and when curl -
is assured , to assign the same monkey to assessment of the
activity of a different drug against infectirn with P. ~‘ ‘ ax .
Such multiple use, which is a routine in our chemotherapeu—
tic program , reduces operat ional costs and  conserves numbers
of monkeys that must be imported m r  tu ’se therapeutic
ass ’s sme ci ts.

,, ‘ > 1 H ) R N  ),L ’,I A R H N’,fl l t l T (  
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Groups  of 2e to - 12 monkeys  were  utilized it the

eerlous experiments . Infections were induced by the intra-

venous inoculation of 5 x lo t -  erythrocytic parasites derived

from monkeys of the passage lines of the various strains . 
*

~1 easu remen t s  of p a r a s i t em i a s  on th ick  and t h i n  blood f i l m s

stained with Giemsa were initiated three days after inocula-

tion , at which time thick blood films were invariably posi-

tive . Thick and thin blood films were prepared daily there-

after until densities of 10 to 50 parasites per i0 1 erythro—

cytes** were attained . At this time treatment with

WR— 18-1 , 806 was started , for some subjects orally, for others

via  the i n t r a v e n o u s  route . In the former case , the requi-

s i t e  dose of the compound ( a lways  c a l cu l a t ed  as base equiv-

alent) dissolved in 10 ml of distilled water , was delivered

by stomach tube , followed by a 3 ml water rinse . When admin—

istered intravenously , WR—184 , 80f- , dissolved in sterile dis-

tilled water in a concentration of 10 mg base per ml . was

injected into the mid—saphenous vein at the rate of 10 m g
per kg per m i n u t e . I r r e spec t ive  of route of de l i v e ry .
WR—184, 806 was a d m i n i s t e r e d  within one hour of solution

preparation .

* The passage l i nes  of the V i e t n a m  Oak Kno l l  and V i e t n a m
Smith  s t r a i n s  of P . f a l c i parum  are m a i n t a i n e d  by s e r i a l  t r a n s -
fer of parasitized erythrocytes through norma l untreated owl
monkeys every seven to ten days. The passage line of the
Vietnam Palo Alto strain of P. vivax is maintained by ser al
transfer eve ry twenty—one to twenty—eight days. Inocula IL - .

the chernotherapeutic studies are obtained by appropriate
dilution in iced saline of hepariniz ed blood drawn from a
passaqe monkey. Dilutions for the strains of P. falciparum

aried from 1 :100 to 1:200; dilutions for the strain of
I, ‘ivax varied from 1:10 to 1:20 .

** Such -len sities are qui - -’a]rnt to pa rasi te populations of
5, 000 to 25, 000 per cmm of blood .

S ( I~~~~I I I I > 5 Ill , >  A R ( H  ‘— S T : l ) i  
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The parasitic response to treatment was assess- d on

thick a n d  th i n  blood films stained with Giumsa . Such f i 1 n~;

were prepared just orior to drug delivery during the t rc- e ’-

ment period and daily thereafter until thick films w-re pa ra-

site n - ~-1tivc for at least four consecutive days. Film

prenarat. ion end stud’. - were then reduced to a twice—weekly

leve l ( M o nday and Thursday or Tuesday and Friday) for two

conseculive weeks , and if negative during this interval , to

a once—weekly leve l for ten additional weeks. Infections

were considered cured if blood films were negative during

the e n t i r e  per iod .

If p a r a s i t e m i a s  p e r s i s t e d  at the i n i t i a l  or even
lowe r l e v e l s , or i n c r e a s e d  in intensity during delivery of

WR—184 , 80(, or if there was a reappearance of parasites after

an apparent blood—negative interval , a second drug course was

d e l i v e r e d, e i t h e r  a t  a h i gher dose via the same regimen or a t

the same dose via a different regimen . Whenever an infectio~.

was retreated either early or late , an r was added to the

Atr number. Thus the number of r ’ s following a monkey number

indicates the number of retreatment courses the anima l has

rece i ved . This procedure has two a d v a n t a g e s :  ( 1 )  i t expands

the information on drug activity that can be obtained via use

of a s i n g l e  monkey ; and ( 2 )  it can signal the emergence of

drug r e s i s t a n t  plasmodia , if such appear , and the rapidity

with which this undesirable event occurs.

In a l l  of the studies. attention was directed to

the impacts  of the drug on the normal development of the

paras i te  as i nd ica t ed  by a l t e r a t i o n s  in morphology .  This

focus p rov ided  a gauge of the  r ap id i t y  w i t h  which W R — 1 8 - 1 uot
affected parasite growth and the type of activity which this

agen t  possesses.

S( > T , - , I R N  RI!,~~~A R I H 1451 T 1I 
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E v e r y  e x p e r i m e n t  i n c l ud e d  a t  l e a s t  one u n t r e a t e d

control monkey and one monkey treated with either chloro—

quirc e or p y r i m e t h am i ne . In c l u s i o n  of these subjects trade
i t  possible  to m o n i t o r  the virulence and c h en i o t i - t e r a p e u r i c

s t a b i l i t y  of the parasites in each inoculum an t b r b ’ .’

guard a g a i n s t  loss of v i r u l e r. ce  or change  i n  r e s p o nse  to

“ s t anda rd  drugs ” .

RESULTS

The results of the seven experiments which form

the basis  of this  Report  have  been sumrrarized . monkey—by—

monkey, in Tables 2 through 13 . The a c t i v i t i e s  of

WR—184 , 806 administered via the oral route are set forth in

Tables 2 through 7; activities achieved via intravenous

delivery in Tables 8 through 13 . in each set , the even num-

bered tables detail the effects of drug treatment on parasi—

temia; the odd numbered tables assess the ultimate r~ snot se

to drug delivery. No discussion of these data will be u n d  - r —

taken here. They are included for reviewer analysis an d

independent validation of conclusions drawn from overall

summaries contained in Tables 14 and 15 .

Table 14 sums up the activities of various dosa le

schedules of WR—184 ,806 . administered orally, against it fec—

tions with diverse strains of P. falciparum and P. vivax.

The data show that the curative activity of this compound

was a function of the total dose. For example , a single dr-ne

of 70.0 mg per kg achieved the same end result in monkeys

infected with the Smith strain as three daily doses of 2-1 . 0

mq per kg or seven daily doses of 10.0 mq per kg. Measured

by r a p i d i t y  of con t ro l  of pa r a s it e m i a . s i n q i  doses w er e

more e f f e c t i v e  than  d i v i d e d  doses in  sub jects in fecte d with

t h e  smi th  s t ra i n  of P. falciparum and Palo Alto strain of

P . v i v ax .

S O Uf l - 4 , R N  R t S [ A l >  I 5’~ T T I I T E  
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The da ta  in Table 1-1 a l s o  s h w  t Let lure we-re st t  a m

and/or  species  v a r i a t i o n s  i n  t h e -  t b - - ra p -  u t i c  u f f e c t i~ t en e- ;S

of W R — 1 8 4 , 8 0 r -  phospha te , j u s t  as t h er e  w e r e -  i the  c l f f e c t : v - ] —

ness of the hydroch lor ide  s a l t  (c f  Tabh -  1 ) .  Th u s .  the tO~~el
doses tha t  were u n i f o r m l y  c u r a t i v e  were 17 . 5 . 35 . 0. and  74. 0
mg per kg ,  r e s p e c t i v e l\ ’ . f o r  i n f e c t i o n s  w i t h  the P a l o  A l t o

s t r a i n  of P . v ivax  and the Oak Knoll and Smith strains of

P. f a l c i p a r u m .  As related elsewhere in th i s  Rep or t , each of

these strains had a different s p e c t r u m  of response  to c h i o r o —

quir1e, quinine , and pyrimethamine. Howeve r, no particular

spectrum seemed to be a determinant of the effectiveness of

WR—184 , 806. The responsiveness of infections with the pvri—

methamine—resistant Palo Alto strain and the chioroquine—

resistant Oak Knoll strain indicates that the activity of

WR—184 ,806, like t ha t  of i t s  older relatives WR—30 , 090 and

WR— 142 , 490, was not compromised by either pyrimethamine or

chloroqu ine resis tance,

Table 15 sums up the results achieved when WR—l84 . 80t-

was administered intravenously. Two regimens were compared;

a single dose and three equal daily doses. The results show

that a high proportion of cures , approaching 100 per cent.

were achieved when total doses of 20.0 mg per kg were deliv-

ered to monkeys infected with either the Oak Knoll strain of

P. falciparum or the Palo Alto strain of P. vivax. Al thoucb

the data on these strains are limited , there is a suggestion

that WR—184 ,806 delivered in a single dose of 20.0 im~ per kg

was more effective than three doses of t .f7 mg per kg deliv-

ered on consecutive days.

As shown in Table 15 , t’:R—l84 , 80i- was substantially

less effective against infections with the Smith strain c t

P. falciparum than it was against infections with the (
~~ t

Kn o l l  St  r a i n , Th u s , doses of 20. 0 mg p r  kg effected cure
of 11 of 15 infections wi th I he Oak K n o l l  s t r a i n  a n d  bu t  3
of  12 j f l~~ ’c t i o n 5  w i t h  t h -  S m i t h  s t r a i n . I -~vcn doses of  30 .0

per  k c u r d bu t  of I t -  infec t ions with the lat t e r s t r - > i i , ,

Si~~ TI- iF  > 5  >i ci A R C H  INS T I l i t
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The t h e r u n u t i c  e f f e c t i v e n e s s  of  l a rg e r  doses wa s not assessed

because  preliminary studies in discarded owl monkeys showed

th at  rap id  d e l iv e r y  of s i n g l e  doses of 40 . 0 mg per kg an d

greater produced severe convulsions wh ich in some subjects

terminate—i :atally. This acute toxic reaction to hk—184 . HOt -

did not occur, however , when doses as ereat as 80.0 mg er

kg were infused intravenously over a 20 minute ouriod . I’his

latter observation could be significant in view of its reie—

-ance to the procedures usually employed in de liver ing drugs

p a r e n t e r a l l v  to man .

There  is at  pr ’ -s n t  no d o c u m e n t e d  e x p l a n a t i o n  f o r

the f i - - t d i n ;  tha t  W R — 1 8 4 . 80’ i s  less e f f e c t i v e  ag a i n s t  i n f e c -

t i o n s  w i t h  the S m i t h  s t r a i n  c f  P . f a l ci parum than a g a i n s t
i n t e c t  ions w i t h  the cat hn o l l  St  r a i n  of this plasmodium or

‘ H --  Palo Al to strain of L \ - i !ux .  I t  i s  poss ible t h a t  the
various parasitic stages of th1 - Smith strain are inherently

less susceptible to this quinolinemethanol than correspond-

ing stages of the other strains . This possibility might be

e aluated by assessing strain susceptibility in vitro. An

alternate explanation for the lesser activity of WR— 184 . 806

against infection s with the Smith strain may be related to

degree of sequestration of more nature parasitic stages in

blood vessels outside of the peripheral circulation . This

sequestration , also found in human infections with many
strains of P. falciparum, is extremely marked in the ea r ly
phas es of infections wi th  the Smith strain. but is not a
prominent feature of infections wi th the Oak Knoll strain

at the corresponding stage. Such sequestration may provide

a form of pharmacologic sanctuary.

Although evaluation of the toxici t’: of WR—1H -L bOe

was not a part of this stud’: , it is not -worthy t- hat no i mme-

diate or delayed untoward e f f e c t S , attributable to this

g i l  I nel inemethanol , were encount ‘re-cl in an’:  t r e a ted  s n h~~~ e cf  ,

The absence of toxic symptoms sungest that therap ut i.’ bene-

fits of WR—1 8’t , 806 were attainable wi thout sien ifica n t cost

in host toxicity . This compound pr o b ab i :  has a ~‘er’: accep t—

a b l e  therapeutic index. T I l l  R N  > t ’~i A R C H  I N N T l t
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SUMMARY AND CONCLUSIONS

WR—184 , 80( —AH ( B N :  BD—99 , 0 7 8 ) ,  the ph osph a t e  sa l t

of a—(tert—buty laminoeth y l )—2 , 8— b i s—(trif luoromethy l )— -1 --

qu ino l ineme thano l, has been e v a l u a t e d  fo r  a c t i v i ty  in owl
monkeys (Aotus trivirgatus ) bearing established infections

with the Vietnam Oak Knoll and Vietnam Smith strains of

P. falciparum and the Vietnam Palo Alto strain of P. vi vax,

This evaluation has included comparisons of the effective-

ness of various dosage regimens of WR—184 , 806—AH administered

either orally or intra ven ously. Following are the more sic—

nificant results of this investigation :

1 . When administered orally. WR—184.80(—AH regu-

larly cured infections with the various strains at

the following total doses (base equivalent) : Oak

Knol l  - 35.0 mg/kg body weight ; Smith - 70.0 mg/kg

body weight; Palo Alto — 17 . 5 mg/kg body weight.

2, At uniformly curative levels (ca CD90), single

dose , three consecutive daily dose , and seven con-

secutive daily dose regimens of WR—184 , 80t- were

essentially equally effective. There was a sugges-

tion , however , that the time required for parasite

clearance was shorter with single doses than when

the same total dose was delivered in equal fractions

on sev en consecu tive days .

3. When administered intravenously, ~R—184 , 80t-

regularly cured infections with the various strains

at the following total doses (base equivalent ‘I :

flak Knoll — 20.0 mg/kg body weight; Smith — ca 30 . 0
mg /kg body weight; Palo Alto — ~ 10 .0 ‘- - 20. 0 mg k - i

body weicht .

‘-.)i 11 ,1 I ’ . W 5 4 . 
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4. On a dose—for—dose  comparison , WR- 184 , 806 —AH
appeared to be slightly more e f f e c t i v e  when admin-

istered intravenously than when delivered orally.

Comparison of the above results with those obtained

in earlier pilot studies indicates that the phosphate salt of

WR—184 ,806 is at least as effective as the hydrochloride salt

(WR—184.806—AA , BN: BB—52 , 137 ) and possibly slightly superior.

Comparison of the data acquired in the current

study with those of even more extensive studies on WR— 142 , 490

~~— (2—p iperidyl)—2 . 8—bis—(trifluoromethyl)—4—quinolineme thanol.

hydrochloride]indicates that the activities of WR—184 , 806—AH

are only slight ly  inferior to those attained with WR—142 ,490,

the most effective of the quinolineme thanols evaluated to date

and currently under study in human volunteers.

I
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TABLE I

PILOT ASSESSMENTS OF THE ACTIVITIES OF WR-30, 090, WR-142,490, AND
WR-184, 806 AGAINST INFECTIONS WITH THE MALAYA.N CI½MP-CH/Q,

VIETNAM OAK KNOLL , AND VIETNAM SMITH STRA INS OF P . FALCIPARUM

Daily Dose — Mg Base*/Kg Body Weight Requ i red for
Compound Cure of Established In fe ct ions
WR- No. .

Malayan Camp—CH/Q Vietnam Oak Knoll Vietnam Smith

30. 090 ca 40.0 10.0 ca 40.0

142 . 490 3. 125 3. 125 5. 0

184 , 80~ 5, O~~~~lO .O~ 5.~~~~~ l0.0~ 10. 0

* Each of the tes t  compounds was administered as the hydrochlo-
ride salt — WR—30 , 090 as a suspension in 0. 5% aqueous Tweeri 80,
1’R-142 , 490 and WR.-184, 806 as aqueous solutions.

The accuracy of these as ses sments was compromised by ea rly
post-treatment deaths - probably due to an intercurrent infec—
tion of unknown etiology.
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